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DESCRIPTION 

Testable cascode circuit and method for testing the same 

The present invention relates ro a testable cascode circuit and metkod for testing the same, 
and in particular relates to a cascode circuit which is used to switch voltages chat exceed the 
5 maximum operating voltage for transistors in a given manufacturing process. 

In today's integmted-circuit (IC) manufacturing, process technology is used which enables 
a reduction size of the transistors well below sub-micron level. Consequently, the 
maximum source-to-drain, gate-to-drain, and gate-to-source voltages which such 

10 txansistors can tolerate are likewise reduced. A typical sub-micron process uses transistors 
which tolerate voltages up to a few volts (e.g., up to 3 V). Although these processes have 
many advantages such as increased speed and density of transistors, there remains the 
problem that the interface between the concerned integrated circuits and the outside world 
may need higher voltages. As example, a thin-film-transistor (TFT) source driver uses 

15 hundreds of output pads where voltages larger than 3 V are needed. 



Special IC designs are known from the prior art which allow to drive outputs to voltages 
which exceed the allowed maximum voltage for a single transistor. Some of these 
approaches are discussed in rhc following, with reference to the prior-art Figures 1-7. 

20 

The design of an IC 100 shown in Figure 1 is based on the recognition that there are two 
main parts of an IC device 100 in which high voltages may be needed: 

• output drivers 101 (typically push-pull or open-drain outputs) arranged in front of an 
IC output 110, or 

25 • level shifters 102 for creating control signals for the output drivers 1 0 L 

For these parts 101, 102 of the IC device 100 to which a high voltage is applied via high- 
voltage lines 104 and 105, respectively , special precautions must be made to assume that 
none of the transistors experiences a voltage that is higher than tolerated by the 
manufacturing process. The other elements of the IC, e.g„ a logic part 103 to which a low 

30 voltage is applied via a low-voltage line 106, remain unchanged. 
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The need for a special technique is illustrated in Figure 2. A simple push/pull output 101 
connected to a ground-voltage line 19 (Yss = 0 V) and a supply-voltage line 29 (e.g., V 00 « 
4 V) is presented as an example. The push/pull output 101 comprises an upper (push) 
5 stage 20 with a p-channei metal-oxide-semiconductor (MOS) transistor 2 1, a lower (pull) 
stage 10 with an n-channel MOS transistor 11, and an output 110 arranged between the 
two stages 10, 20; the gates of the MOS transistors 1 1, 21 are connected to inputs. It is 
assumed that the push/pull output 101 should drive a voltage of 4 V. In this case, the 
upper p-channel MOS transistor 21 is conducting, while die lower n-channel MOS 
10 transistor 1 1 is not conducting. The full voltage of 4 V is now applied between source and 
drain of the lower n-channel MOS transistor 11. In case of a low-voltage process, where 
voltages up to 3 V are allowed, this is forbidden. To avoid such a high voltage at die 
switching n-channel MOS transistor 1 1 or p-channei MOS transistor 21, an additional 
circuitry is required. 

15 

This additional circuitry is drawn in Figure 3 as two black boxes 12, 22. The purpose of 
the first black box 12 is to avoid that the potential at node B' ever exceeds the voltage 
allowed per transistor (e.g., 3 V). Simuady, the second black box 22 must avoid that 
potential at node A' is ever lower than a certain value (e.g., lower than die applied 4 V 
20 minus the allowed 3 V). 

In the example of Figure 3, there exists asymmetry between the lower stage 10 (pull; 
n-channel MOS transistor 11+ first black box 12) and the upper sage 20 (push; p-channel 
MOS transistor 21 + second black box 22). For an easier understanding, the following 
25 discussion deals only with the lower (pull) stage 10, but it can be applied in an analogous 
manner also to die upper (push) stage 20. 

A special technique typically used for voltage limitation is the so-called cascoding 
technique. In the cascoding technique, additional transistors are used to avoid that an over- 
30 critical voltage is applied at one single transistor at any given time. In a simple example 
shown in Figure 4, one additional cascode transistor 13 is added in order to avoid that an 
overvoltage is applied to die n-channei MOS transistor 11 of the push-pull (or open-drain) 
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output 101. The gate of the cascode transistor is connected to a bias voltage 14. It can be 
seen that the full voltage of 4 V is divided, whereby a first part of 2,8 V is applied to the 
main switching n-channel MOS transistor 1 1 and the remaining 1 .2 V are applied to the 
cascode transistor 13. 

5 

Additional precautions must be met if the applied voltage is significantly higher than the 
voltage allowed by the manufacturing process. 'When the output 1 10 should be driven to 0 
V (transienr moment, see Figure 4), another problem may arise. The n-channel MOS 
transistor 1 1 stares conducting, and therefore the voltage drop between source and drain of 
10 this n-channel MOS transistor 1 1 is reduced. During the transient phase of the switching, 
(here may exist a moment when the volrage between source and drain of the cascode 
transistor 13 exceeds the allowed voltage from process, as shown in Figure 5. 

To protect the cascode transistor 13 itself from such a high voltage, special additional 
15 circuitry is typically added. In Figure 6, an additional black box 15 with the following 
characteristics is inserted: 

• The voltage drop dV is about 1 V (diode voltage) if the potential at node C is higher 
than the potential at node D'; and 

• The voltage drop dV is about 0 V if the potential at node G is lower than the 
20 potential at node D\ 

After the manufacture of an integrated circuit, a device test is usually applied to prove that 
no defect exists in the device. The goal of such a test is to screen out all bad devices which 
either do not work according to the specification or which may fail too early in the 

25 application (life-time problem). The main problem in testing the cascode circuitries comes 
from the fact that they show a redundant behavior. That means that a malfunction of such 
a cascode circuitry may not have an impact on the funcdon of the device. Standard tests 
which compare the real function of a device with the function specified In die datasheet 
will not see any difference. In case of an undetected defect of the cascode transistors, a 

30 significant reduction of lifetime of the device must be expected. If the advantages of the 
sub-micron processes should become usable for a wide range of produces, it is necessary 
that a defect of the cascode circuitry becomes testable. 
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As an illustration of the testing problem, Figure 7 shows a simple cascode circuitry- 101 
where one cascode transistor 13 protects the main n-channel MOS transistor 11 of a 
pulldown output 1 10 from overvoltage. A situation is discussed in which the output 1 10 is 
5 at 4 V and the main n-channel MOS transistor 1 1 is not conducting. In case of an ideal n- 
channel MOS transistor 11, no leakage current would flow at all. Therefore, node B' 
would be fully floating. This would result in any potential, e.g., 4 V. With such an ideal n- 
. channel MOS transistor 11, the cascode circuitry 101 could not protect the n-channel 
MOS transistor. However, the n-channel MOS transistor 11 does have a small leakage 

10 current, e.g., 2 nA or less, even in the non-conduccing state. The applied voltage at the 
gate of the cascode transistor 13 regulates the current between source and drain of the 
cascode transistor 13 to be equal. This is, however, only true if the current flowing through 
the cascode transistor 13 can be regulated down to such a small value; a defect in the 
cascode transistor 13, e.g., resulting in a current of 5 nA, already disables this regulation 

1 5 loop. Such a small leakage current level is difficult to detect. Nevertheless, the function of 
the output (seen from the output pad 110) is still the same (still at 4 V). A standard test 
method will not discover this defect. 

Most often, only a very small number of high-voltage outputs 1 10 is needed per device. In 
20 such a case, it may be possible to live with a risk of reduced lifetime or to provide some 

additional circuitry for testing these critical nodes (e.g., node B' in Figure 7) with a specific 
test mode. However, in case of more complex applications with hundreds or thousands of 
such cascode circuitries, a special testing approach is needed. 

25 U.S. Patent No. 6,21 1,693 (Andresen et al.) describes a test circuit for cascode circuits. It 
is comprised of test transistors connected to regulating transistors. This test circuit has, 
however, some disadvantages: 

• The test circuit does not give any degree of freedom. There is always the risk that it 
draws current or is blind. 
30 • Andresen et al. assume that no current is flowing in a transistor if the applied 

voltage is less than the threshold voltage, which is not true. This false assumption 
has a great effect if many, e.g., 1000, test transistors are connected. 



r 
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As many as four test transistors are needed ro test one pair of cascode transistors. 
Thus the test circuit <needs a large qrea on the chip. 

The test circuit worts only if the additional current invoked by the test circuit is 
significandy higher than a background current of a high-voltage pin. Thus the test 
transistors must be designed large, 

Andresen et al. describe only a solution where the maximum applied voltage is less 
than about 150 % of the maximum voltage allowed by the process. 

Andresen et al. do not describe any test circuit for a cascode circuit with two 
cascode elements. 

The test circuit is not testable for faults in the test circuit itself. Since it may have 
some faults from processing, the test results are very much inrerpretable. 
The test transistors are always connecred to the high voltage during the application. 
This bears the risk of a damage of some of the test transistors. 

15 It is therefore an object of the invention to provide a testable cascode circuit and a method 
for testing the same which do not suffer from the above-mentioned disadvantages. 

This and other objects are solved by the invention as defined in the independent claims. 
Advantageous embodiments of the invention are defined in the dependent claims. 

20 

The method according to the invention is useful for testing a cascode circuit comprising an 
electronic element to be protected from high voltage and a cascode element connected to 
said electronic element. The method comprises the steps of arranging a test node between 
said electronic element and said cascode element, allocating a switching element to said test 
25 node and connecting said switching element to said test node, said switching element 
having a plurality of switching states and being constituted such that its switching state is 
changed when the voltage at said test node exceeds or falls below a given voltage limit, 
activating said cascode clement, and derecting the switching state of said switching 
element, 

30 

The cascode circuit according to the invention comprises an electronic element to be 
protected from high voltage, a cascode element connected to said electronic element, a test 



10 
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node arranged between said electronic element and said cascode element, a switching 
element allocated to said test node and connected to said rest node, said switching element 
having a plurality of switching states and being constituted such that Its switching state is 
changed when the voltage at said test node exceeds or fells below a given voltage limit, and 
5 means for detecting the switching state of said switching element. 

In a preferred embodiment, the switching element comprises a test transistor, a gate of 
which is connected to said test node, a source of which is connected to a first test point 
and a drain of which is connected to a second test point} a first voltage is applied to said 

XO first test point and asecond, different voltage is applied to said second test point, and a 
current flow is detected between said first and said second test point. Preferably, the 
cascode circuit comprises a plurality of electronic elements to be protected from high 
voltage, a plurality of cascode elements, each cascode element being connected to an 
electronic element, and a group of test transistors wherein all sources of said group of test 

15 transistors are connected to said first test point and all drains of said group of test 
transistors are connected to said second test point. 

The invention and, for comparison, the prior art are described in greater detail hereinafter 
relative to the attached schematic drawings. 
20 Figure 1 shows a block diagram of a simple integrated circuit. 

Figure 2 shows a circuit diagram of a push/pull output according to the prior 

art. 

Figures 3 and 4 show circuit diagrams of simple cascode circuits according to the 
prior art. 

25 Figures 5 and 6 shows circuit diagrams of advanced cascode circuits according to the 

prior art. 

Figure 7 shows a circuit diagram of a simple cascode circuit according to die 

prior art. 

Figure 8 shows a circuit diagram of a simple cascode drcuit to which the 

30 method according to the invention may be applied. 

Figure 9 shows a schematic diagram of a first embodiment of a testing circuit 

according to the invention. 
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Figure 10 shows a schematic diagram of a second embodiment of a testing 

circuit according to the invention. 
Figure 1 1 shows a circuit diagram of an advanced cascode circuit to which the 

method according to the invention may be applied. 
5 Figures 12 and 13 show flow diagrams of two embodiments of the method according to 

the invention. * 

Two different methods are proposed to test the working of the cascode circuitry: 



10 Method A 



15 



concerns all circuitry in the device where a situation as shown in Figure 8 
is given, i.e., the p-channel MOS transistor 21 is connected to the positive 
supply-voltage line 29 (e.g., V DD = 4 V) and the n-channcl MOS transistor 
1 1 is connected to the negative ground-voltage line (V ss « 0 V). This means 
that this method can be applied also to level shifters 102 (cf. Fig, 1), where 
the outputs are not connected to a pad 110, but rather connected only to 
inputs of other parts 101 of the device 100. This method A tests whether 
the n-channel MOS transistor 1 1 and p-channel MOS transistor 21 shown 
Fig. 8 are well protected. 



20 Method B 



25 



Method A: 



is only needed if the simple cascading technique (cf. Figs. 2-4) is not 
applicable, but rather the advanced cascading technique (cf. Fig. 6) is used. 
In this case, method B is needed to test whether the cascode circuitry itself 
(in case of Fig. 8, it may be part of the black boxes 12, 22) is protected 
from overvoltage. 



30 



This method is based on the feet that the potential at all nodes B* (Fig, 8) in the whole 
device must not exceed a certain value. 

Figure $>, in combination with a simple cascode circuitry such as shown in Figs. 4 or 7, 
shows a circuit according to the invention; Figure 12 shows a flow diagram of a method 
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according to the invention. To each test node B\, B' 2 > ...i B' n , arranged between a 
switching n-channel MOS transistor 1 1, and a cascode cell 13 in the device, an own 
allocated n<toannel MOS test transistor 30.1, 30.2, , . 30.n, respectively, is allocated 71 . 
Each test node B* n B*^ . B* n is connected 72 to the gate of its allocated test transistor 
5 30.1, 30.2, 30.n, respectively- Sources and drains of the allocated n-channel MOS test 
transistors 30.1, 30,2, 30.n are connected 73 to a first test point 31 and a second test 
point 32, respectively. These test points 31 » 32 may be dedicated p ads nf rh* devi ce or 
internal nodes in the device 100 which are connected to a pad in a special test mode only. 

10 The test circuit 3 of Fig. 9 is like a logic OR connection of all nodes B\, B\> ., B\. If all 
the cascode circuitries 13 in the device work correctly, then it is granted that no B' x 
potential in the device exceeds a certain maximum value, i.e., an upper voltage limit Ul. In 
this case, this upper voltage limit (e.g., Ul = 3 V) is applied to the first test point 31, and a 
slightly smaller voltage (e.g., U2 = Ul - AU = 3 V - 100 mV) is applied to the second test 

15 point 32, as shown in box 74 of Fig. 12. Since none of the g^te potentials must be higher 
than the upper voltage limit Ul, no current is flowing between the first test point 31 and 
the second test point 32 if all cascode cells work correcdy (box 78 in Fig. 12), and the test 
is positive 80. In case of a faulty cascode circuitty 13, the concerned node B* x is at a higher 
voltage U > Ul, and therefore turns on its allocated n-channel MOS transistor 30.x. In 

20 this case, a current flow can be measured between the first test point 31 and the second test 
point 32 (box 78 in Fig. 12), and the test is negative 81. The voltage difference AU « Ul - 
U2 is chosen so as to optimize the following parameters: 

(a) A large AU will genetare larger currents in case of a defect, and allow a low 
accuracy of the test equipment when measuring the current. 

25 (b) A small AU will reduce the sub-threshold current of the test transistors 30. l-30.n. 



30.1-30.n are used. 

Normally, AU is chosen to be in die range of 1 to 1 5 % of the voltage limit Ul , e.g., about 
3 %. The possibility of choosing die voltage difference AU is an advantage in comparison 
30 to the prior art such as described in U.S. Patent No, 6,21 1,693 (Andrescn et al.), since it 
offers an additional degree of freedom for testing the cascode circuit. 



This may become significant if a very high number n of parallel test transistors 
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An analogous solution can be applied for resting the working of the cascade circuitries for 
the p-channel MOS transistor 21 of Fig. 8. The corresponding test circuit 4 according to 
the invention is shotra in figure 10. Each test node A\, A' 2> A" n of Figure 8 is 
connected to the gate of an allocated p-channei MOS test transistor 40. In case of a perfect 
5 functioning of the cascode circuitry 23, none of the potentials A\, A ' 2 , , , , , A'„ should be 
lower than a certain value U3. 

To test the working of die cascode circuitries of die p-channel MOS transistors, the 
minimum allowed voltage, i.e., a lower voltage limit U3, for such a test node A* is applied 

10 to a third test point 43 (e.g., U3-4V-3V=1V).A fourth test point 44 is forced to a 
similar, however slighdy higher voltage (e.g., U4 « U3 + AU « 1 V + 100 mV). In case that 
all test nodes A^, A'^ A' n in the device are on a porenrial higher than the lower voltage 
limit U3, no current is flowing between the third test point 43 and the fourth test point 
44, In case of a faulty cascode circuitry 23, the potential at the concerned test node A'* is 

15 lower rhan U3, and therefore the allocated p-channcl MOS transistor 40.x is switched on, 
resulting in a current between the third test point 43 and the fourth test point 44. The 
flow diagram of Fig. 12 can be applied to this case, mutatis mutandis. The voltage 
difference AU = U4 - U3 is chosen in an analogous way as described with reference to 
Figure 9, so as to optimize the parameters (a) and (b). Normally, AU is in the range of 1 to 
20 15 % of the voltage limit U3, e.g., about 10 %. The possibility of choosing the voltage 
difference AU is an advantage in comparison to the prior art such as described in U.S. 
Patent No. 6,21 1,693 (Andresen et al,), since it offers an additional degree of freedom for 
testing the cascode circuit. 

25 According to a preferred embodiment of the invention, both the n-channel MOS 
transistors 1 1 and the p-channel MOS transistors 21 of a cascode circuitry are tested. 
However, this is preferably done in two separate testing circuits as shown in FigSi 9 and 10, 
The separation of the testing circuits has the advantage of deliberately choosing and 
optimizing the applied voltage differences Ul ~ U2 and U4 - U3, respectively, thus 

30 gaining an additional degree of freedom. By contrast, In U.S. Patent No. 6,21 1,693 

(Andresen et al.) the lines corresponding to test points 31 and 43 on the one hand and 32 
and 44 on the other hand are short-circuited. 
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Test method A gives a good result only for those cascode circuitries which are in the active 
state ac die moment of test. This is obvious from Figure 8: if die output 1 10 is forcing 4 V, 
5 then the upper cascode circuitry 22 (protecting the p-channel MOS transistor 21) does not 
have anything to do. If the mentioned test is applied ac this moment, the upper cascode 
circuitry 22 is not tested. Therefore, the test method A (for the n-channei MOS transistor 
11 and the p-channel MOS transistor 21) should be applied at least twice: once when the 
outputs 1 10 are driving a high voltage and a second time when the outputs 1 10 are driving 

10 a low voltage. For a correct working of test method A, it is not important that all the 
outputs 1 10 are driving the same state at the same moment. The test should be repeated 
with different states of the logic 105 of the device 100 (cf. Fig. 1), as often as each output 
1 10 has been tested at least once per n-channel MOS transistor 1 1 and once per p-channel 
MOS transistor 21 when its cascode cell is active} cf. boxes 75-77 and 79 of Fig, 12. This is 

15 preferably achieved by an appropriate programming of the test process. 

To protect the additional transistors 30.1-30.n, 40.1-40.n from high voltage themselves, 
an uncritical potential (e.g., 2.5 V) is applied to the first 31, , second 32, third 43 and 
fourth 44 test point during the application. This avoids that the gate-to-source or gate-to- 
20 drain voltage in any of the additional transistors 30.1-30.n, 40.1-40.n exceeds the voltage 
limit given by die process. 

The schematic flow diagram of Fig, 12 combines steps which, in practice, may be carried 
out at different stages of the method according to the invention. In a preferred 
25 embodiment of the method, a first stage refers to designing the test circuit and comprises 
boxes 71-73 of Fig. 12. A second stage refers to programming the test process and 
comprises boxes 75-77 of Fig. 12. Finally, a third stage refers to the test process itself and 
comprises boxes 74 and 78-81 of Fig. 12. 

30 
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Method B; 

Method A described above with reference to Fig. 12 is valid under the condition that the 
voltage across one of the black boxes 12, 22 in Fig. 8 never exceeds the maximum allowed 
voltage per transistor. If this is not true, then an advanced cascoding technique is typically 
used, as shown in Figure 11 and explained above (cf. Fig. 6). In this case, method B 
schematically shown in Figure 13 should be used for testing. 



According to method B, two different items are proven during the test: 
10 (i) No overvoltage ever exists on the a-channel MOS transistor 1 1, i.e., the potential at 
node B' must never exceed a certain value. This problem can be solved in the same 
way as in method A described above; cf. box 91 of Fig. 13. 
(ii) No overvoltage ever exists over die cascode transistor 13. Therefore, some additional 
circuitry is needed for testing. The invention takes advantage of the fact that node C 
15 must never be above a certain potential. That means that the same technique can be 

applied as in method A for the n-channel MOS transistors 1 1 (c£ box 92 of Fig. 13): 
each of the nodes C in the device is connccced to the gate of an allocated n-channel 
MOS transistor, the sources and drains of which are connected to a fifth test point 
and a sixth test point, respectively. (It is not necessary to show a drawing of the 
20 corresponding additional testing circuitry since it is completely analogous to that of 

Fig. 9.) 

Only if both items (i) and (ii) yield a positive result, the test is positive 93; otherwise, the 
test is negative 94. 

25 It is usually not necessary to test for an overvoltage over the black box 15 itself, because 
such an overvoltage would usually also have an impact on the standard function of the cell 
and would therefore be detectable via standard test methods. A defect in the black box 15 
has die result that 

• either the voltage drop over the black box 15 is too low, and therefore is detected via 
30 the test method over node C explained above, 

• or the voltage drop over the black box 15 is too large, and therefore detectable during 
a conventional function test. 
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Thanks to the invention, the high-density IC manufacturing process becomes applicable 
also for devices with a high number of high-voltage outputs 1 10. Internal potentials may 
be observed in a fast parallel way. The invention not only allows to test a cascodc circuit 

5 for the alternative pass/fail, but also a measurement of internal potentials. Compared to the 
prior art such as described in U.S- Patent No. 6,21 1,693 (Andresen et aL), it offers great 

__degcee-o£&eedom i n measuring th frinHraaL po tent^ 

silicon area is needed for the implementation of the additional transistors 30.1~30.n, 40. 1- 
40. n; however, this disadvantage is compensated by the benefits offered by the invention. 
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CLAIMS 



1 . A method for resting a cascode circuit comprising an electronic dement to be protected 
from high voltage and a cascode element connected to said electronic element, 

the method comprising rhe steps of 

arranging a test node between said electronic element and said cascode element, 
5 allocating a switching element to said test node and connecting said switching element to 
said test node, said switching element having a plurality of switching states and being 
constituted such that its switching state is changed when the voltage at said test node 
exceeds or fails below a given voltage limit, 
activating said cascode element, and 
1 0 detecting the switching state of said switching element. 

2. The method according to claim 1, wherein said voltage limit is either chosen to be an 
upper voltage limit applicable to said electronic element if said electronic element is 
connected to a ground-voltage line, or is chosen to be a supply voltage minus an upper 

15 voltage limit applicable to said electronic element if said electronic element is connected to 
a supply-voltage line. 

3. The method according to any of the preceding claims, wherein said switching element is 
chosen to comprise a test transistor, preferably an MOS field effect transistor, 

20 a gate of said test transistor is connected to said test node, a source of said test transistor is 
connected to a first test point and a drain of said test transistor is connected to a second 
test point, 

a first voltage is applied to said first test point and a second, different voltage is applied to 
said second test point, and 
25 a current flow is detected between said first and said second test point. 
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4. The method according to claim 3, wherein said detection of a current flow is used for 
testing a correct or an incorrect working of said cascode circuit, or for determining a 
-voltage on said test node. 

5. The method according to claim 3 or 4, wherein said first voltage is either chosen to be 
an upper voltage limit appUcaM enEo-said^eistwwic-ete men t if 6-aid neIectromc^lement-is 

connected to a ground-voltage line, or is chosen to be a supply voltage minus an upper 
voltage limit applicable to said electronic element if said electronic element is connected to 
10 a supply-voltage line, and, in both cases, said second voltage is chosen to slightly differ, 
e.g., by 1 to 15 %, from said first voltage. 

6. The method according to any of the preceding claims, wherein said electronic element 
comprises an MOS field effect transistor of a first channel conduction type, and said test 

15 transistor is chosen to be an MOS field effect transistor of the same first channel 
conduction type. 

7. The method according to any of the preceding claims, wherein said cascode circuit 
comprises a plurality of electronic elements to be protected from high voltage and a 

20 plurality of cascode elements, each cascode element being connected to an electronic 

element, and wherein a group of switching elements is connected by at least one test line so 
that the electric signal on said at least one test line indicates whether the switching state of 
at least one switching element from said group of switching elements is in a changed 
switching state. 



8. The method according to any of claims 3-5 and claim 7, wherein all sources of said 
group of test transistors are connected to said first test point and all drains of said group of 
test transistors are connected to said second test point. 
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9, The method according to claims 7 or 8, wherein each cascode element is consecutively 
activated. 

10, A cascode circuit comprising 

an electronic element to be protected from high voltage, 

a cascode element connected to said electronic element, 

a test node arranged between said electronic element and said cascode element, 

a switching element allocated to said test node and connected to said test node, said 

switching element having a plurality of switching states and being constituted such that its 

switching state is changed when the voltage at said test node exceeds or falls below a given 

voltage limit, and 

means for detecting the switching state of said switching clement. 

11. The cascode circuit according to claim 10, wherein 

said switching element comprises a test transistor, preferably a MOS field e&ct transistor, 
a gate of said test transistor being connected to said test node, a source of said test 
transistor being connected to a first test point and a drain of said test transistor being 
connected to a second test point, 

the cascode circuit further comprises means for applying a first voltage to said first test 
point and means for applying a second, different voltage to said second test point, and 
means for detecting a current flow between said first and said second test point, 

12. The cascode circuit according to claims 10 or 11, wherein said electronic element 
comprises an MOS field effect transistor of a first channel conduction type, and said test 
transistor is an MOS field effect transistor of the same first channel conduction type. 
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13. The cascode circuit according to any of the claims 10-12, wherein said cascode circuit 
comprises a plurality of electronic elements to be protected from high voltage and a 
plurality* of cascode elements, each cascode element being connected to an electronic 
clement, and wherein a group of switching elements is connected by at lease one test line so 
that the electric signal on said at least one test line Indicates whether the switching state of 
at least one switching element from said group of switching elements is in a changed 

itching-scare^ 

14. The cascode circuit according to the claims 1 1 and 13> wherein all sources of said 

1 0 group of test transistors are connected to said first test point and all drains of said group of 
test transistors are connecced ro said second test point. 
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ABSTRACT 

Testable cascode circuit and method for testing the same 

The cascode circuit comprises a plurality of swicching transistors (11) to be protected from 
high voltage and a plurality of cascode transistors (13) connected to the switching 
5 transistors (1 1). A test node (B') is arranged between each switching transistor (1 1) and its 
cascode transistor (13), and a test transistor (30.1-30.n) is allocated to each test node (B')» 
its gate being connected to the tesr node (BO- The sources of the test transistors (30.1- 
30.n) are connected to a first rest point (31) and the drains of the test transistors (30.1- 
30.n) are connected to a second test point (32). A first voltage (Ul) is applied to the first 

10 test point (31) and a second, slightly lower voltage (U2) is applied to the second test point 
(32). A current flow detected between the first (31) and the second (32) test point 
indicates that at least one of the cascode transistors (13) does not work corrccdy. Thus, the 
cascode circuit is testable. The high-density IC manufacturing process becomes applicable 
also for devices with a high number of high-voltage outputs. Internal potentials may be 

1 5 observed in a fast parallel way. 



(Figures 4 and 9) 
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